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The relationship between the characteristics of Quercus glauca Thunb. leaves 
and the number of feeding larvae 


Shintaro FUNAKOSHI 
Namazu Naigu-cho 1-25, Mizuho, Gifu, 501-0213 Japan 


Abstract In Quercus glauca which grow where the sun often shines, the characteristics of the 
leaves are different from the leaves of those which grow where the sun hardly shines. Leaves that 
grow in places where the sun often shines all day are firmer and contain more tannin than leaves in 
places where the sun hardly shines all day. A large number of individuals and species of moth lar- 
vae were found on the shade leaves during most seasons. The number of larvae on the sunny leaves 
only increased in April The relationship between leaf characteristics and the number of larvae 
present is discussed. 


Key words Quercus glauca, leaf characteristics, stiffness, tannin amount, larval number. 


Introduction 


There have been many papers detailing food habit investigations of moth larvae feeding on 
plants in the Fagaceae, e.g. Quercus agrifolia Neé (Opler, 1974), Quercus crispula Blume 
(Yoshida, 1986), Quercus acutissima Carruthers, Quercus variabilis Blume and Quercus 
serrata 'Thunb. ex. Murray (Teramoto, 1996) Fagus crenata Blume (Togashi, 1984) and 
Quercus dentata Thunb. ex Murray (Kogi, 2001). 


Quercus glauca is a universally distributed tree, with its highest density in the second- 
growth forest in the Tokai region of Japan, growing naturally even in the north and inland in 
the warm-temperate zone. 


The characteristics of the leaves of evergreen Quercus glauca are likely to be different in 
growth areas with differing conditions. For this reason, the characteristics of Quercus glau- 
ca leaves were investigated, and the relationship with feeding larvae is discussed. 


Materials and methods 


Larvae eating Quercus glauca were collected from 1999 to 2007 by the method of beating 
twigs on hilly ground in the southern part of Gifu Prefecture, central region of Japan. The 
investigation procedure was carried out 124 times. About 30 trees were beaten during each 
investigation, and numbers of all falling larvae and families were recorded. Most of the lar- 
vae were collected and taken to the laboratory. Immature larvae of the same species were 
put in a plastic case (30 mm in diameter, 50 mm in depth), and mature larvae were put in a 
plastic case individually, and were reared on Quercus glauca leaves. The number of plastic 
cases using for rearing was 1,116. Emerging individuals were identified and recorded ac- 
cording to appearance and generation. Some larvae died due to parasitism, pathogenesis, 
and other factors along the way. Among those, individuals which reached the pupal stage 
were identified to species by observing genitalia with a microscope. The numbers of indi- 
viduals collected and of species were totalled for the mean value for the first and second 
halves of each month. 
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Fig. 1. Annual changes in number of individual larvae. Fig. 2. Annual changes in number of 
species of larvae. Fig. 3. Annual changes in the stiffness of the leaf. Fig. 4. Annual changes in the 
amount of moisture. Fig. 5. Annual changes in the amount of tannin. 


The trees of Quercus glauca were divided into three categories according to how much sun- 
light they received as follows (1) sun trees on which the sun often shines all day growing on 
the outside and the south side of woods, (2) middle trees on which the sun shines for several 
hours each day growing at the edge of or along tracks in the woods and (3) shade trees on 
which the sun hardly shines at all growing within woods. The expression 'sun leaves' refers 
to leaves of sun trees and similarly with the other categories, mutatis mutandis. The char- 
acteristics of 30 leaves collected in each category every month were also examined. The 
stiffness, amount of moisture, and amount of tannin in each leaf was measured. A needle 
was dropped on the leaf and the stiffness of the leaf was shown as potential energy by cal- 
culation of the penetrating depth and needle weight. Two-gram sections of leaf were 
ground down and the chlorophyll removed with dichloromethane. After it had been extract- 
ed by methanol, it was filtered. The extracted material underwent a chemical reaction using 
concentrated hydrochloric acid and a butanol mixture liquid and changed into a red solu- 
tion. The amount of tannin was shown by the difference of the red level measured with pen- 


etrating light. The moisture content of the leaf was measured by subtracting the dry weight 
from the constant amount of the live weight. 


Physical and chemical characteristics of these leaves were measured as part of the science 
education tuition of high school students during science club activities. 
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Table 1 The history of life interpretable with the breeding result. 


Genus species Number of Apr i ay i Jun i Ju. i Aug 1 
individuals M i M ! M R M ! M i 

Caloptilia(Povolnya) querci 4 o Os 040; 40 i i i 
Cerace xanthocosma 12 o o OA IOA OA AO 14 40 i 1 1 
Archips fuscocupreanus 16 O O O 104 40 046140 | i ! 
Archips  nigricaudanus 1 ¡OA 40 i i i i 
Piycholoma lecheana 3 a 40 i i i i 
Homonopsis illotana 1 o i OA A 40 i i i i 
Eudemis brevisetosa 8 O IOa OA 04040 40 i i i 
Hystrichosolus spathanum 6 o o OA la 40 OASi4® i i i 
Olethreutes moderatus 1 o i OA 49 i i ! i 
Celypha manoi 4 j i | O 046040 i 
Parapammene Sp. 1 io OA A9 i i i i 
Zeiraphera fulvomixtana 3 o i o OA 40 1 i i 
Strophedra sp. 3 o o OA lA 40 40 | i i H 
Gen. et sp.. 1 i i o o 1140 i i 
Acanthopsyche | nigraplaga 1 O o 10 o o 10 o o 10 o o lo o o i 
Mahasena aurea 3 0.0 O 10 O O 10 O O IO OA 40 ¡46 Ae I 
Lyonetia sp. 3 i i i OA! i 
Ypsolopha parenthesellus 1 ¡O A á 40 i 1 | i 
Thecobathra anas 4 o iO4 á A ¡40 | o ¡O 04040 | 
Depressaria irregularis 2 1 o OA Ae i | i i 
Acria ceramitis 2 H I i O 1049 40 ! 
Scythropiodes leucostola 3 1 OA A ¡40 i i i 
Scytyropiodes lividula 9 o 16 O OA ¡0460404 [48 i i 
Rhizosthenes falciformis 1 o © OA 40: i i i 
Lecitholaxa thiodora 1 ! ! H OA i 40 i 
Brachmia japonicella 20 O {OL Oh 040149 I i i 
Faristenia ussuriella 1 O 104 4 40 | i | | 
Scopelodes contracta 63 i i i 1 i 
Rhodoneura hyphaema 10 A A 4 る i O O i Ae O ¡040 OA 1048 040 A9 | 
Tridrepana crocea 1 o o O jOa i i po i 
Macrocilix mysticata 19 o OA OA 1040 O O !AO 0400 lá de CABO O O t! 
Alsophila japonensis 1 O o o 10 A Of i i I I 
Maxates protrusa 6 o O O 10 OA 4 148 A 4 14 A A 4 A A | 
Jodis putata 1 i 1 i | o ae i 
Jodis urosticta 82 AO 40 i 10 040 OA 104 046 040140 40 OA | 
Hemithea | aestivaria 1 o o i04 Ae i | | | 
Hemithea tritonarig 3 i o OA 140 H H o H 
Scopula epiorrhoe 1 i OA la 40 i i i 
Epirrita viridipurpurescens 2 O O 504 A a 14 a a já A A ja à A | 
Eupithecia clavifera 3 i O i à A A i A P de i de A A i 
Chloroclytis | excisa 1 i o ¡O 40 i i i 
Lomographa bimaculata 2 i OA 140 ! ! i 
Peratostega deletaria 2 A A 40 ¡40 i i i 
Cleora leucophaea 16 o io Os OA | i i i 
Protoboarmia faustinata 26 OA OCA OA ¡040 40 A9 jae i O 1O 040 0486; 
Alcis angulifera 47 o o OA ¡040.48 ae 1 i i i 
Pseuderannis amplipennis 2 o o o 10 o o !O OA I 1 H 
Hypomecis lunifera 21 O O O 104 OA CAGIO OA O 10 O O 106 O Oa! 
Hypomecis | punctinalis 1 A A A | A 40 i O O o | O o o | o o OA | 
Paradarisa | chloauges 47 o o OA 104 040 048/048 O i i i 
Erannis golda 5 o 10 OA OA ia A A ¡A A A ¡A A A i 
Phigalia verecundaria 3 A. o 10 OA OA lA P A là P A lA A A! 
Wilemania  nitobei 2 o i i i i 1 
Descoreba simplex 2 O 10 Oa i i i i 
Planociampa antipala 4 O ¡O O i i 1 i 
Menophra senilis 1 i 1 i H o o 1 
Megabiston plumosaria 2 o O 10 OA A lA A A La P A lá A A 1 
Biston _robusius 6 O loa O i i i i 
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Table 1 (continued) 


Acrodontis | kotshubeji 1 
Ourapteryx nivea 4 
Qurapteryx obtusicauda 1 
Antheraea yamamai 7 
Rhodinia fugax 2 
Marumba sperchius 6 
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Fentonia acypete 

Somena pulverea 

Euproctis piperita 

Calliteara taiwana 

Hema  nachiensis 10 
Lymantria dispar 22 
Lymantria mathura 17 
Lymantria minomonis 3 
Eilema japonica japonica 1 
Lithosia quadra 3 
Conilepia nigricosta 1 
Nudaria  ranruna 61 
Lemyra flammeola 2 
Lemyra inaequalis 16 
Lemyra imparilis 
Xylopolia bella 
Clavipalpura | aurariae 
Orthosia paromoea 
Orthosia fausta 

Orthosia limbata 

Orthosia odiosa 

Orthosia gothica jezoensis 
Orthosia carnipennis 
Xylena changi 

Xylena formosa 
Lithophane venusta 
Rhynchaglaea fuscipennis 
Conistra | ardescens 
Conistra nawae 

Telorta edentata 
Amphipyra monolitha 
Amphipyra | tripartita 
Amphipyra | erebina 
Cosmia camptostigma 
Nycteola costalis 
Clethrophora distincta 
Siglophora  ferreilutea 
Oruza mira 

Neustrotia albicincta 
Catocala  hyperconnexa 
Catocala patala 

Thyas juno 
Goniocraspidum pryeri 
Sypnoides picta 
Sypnoides fumosa 
Sypnoides hercules 
Olulis | ayumiae 

Tamba  roseopurpurea 
Tamba corealis 
Sarcopteron fasciata 34 
Lophomilia  takao 128 
Hadennia incongruens 1 
Hadennia | nakatanii 15 
Simplicia niphona 1 
Zanclognatha helva 2 
Herminia | grisealis 1 
Herminia tarsicrinalis 2 
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Larval number of species 








Fig. 6. Number of larvae each month totalled from Table 1. 


Results 


Annual changes to the number of individuals and species of larvae 


Annual changes of the number of individuals and species of larvae collected in the field are 
shown in Figs 1 and 2. The larvae were highest in both individual and species numbers in 
April. It was not unusual for 100 or more larvae to fall from any of the 30 Quercus glauca 
shrubs. There were large larval numbers on both sun trees and middle trees. However, 
numbers of larvae on sun trees decreased rapidly and few individuals fell from summer to 
autumn. However, some larvae did fall throughout the year on the shade trees, so that it was 
always possible to obtain some individuals. The number of larval individuals was highest 
on shade leaves all year round. 


Annual changes to the stiffness of the leaf 


Changes in the stiffness of leaves are shown in Fig. 3. The new leaf of Quercus glauca de- 
velops from the end of March to early May in Tokai district and the whole tree is covered 
with branches that develop a soft leaf. Afterwards, the new leaf hardens from the end of 
May to the middle of June. The sun leaves stiffened rapidly and were stiffer than the middle 
and shade leaves throughout most of the year. 


Annual changes to the amount of moisture 


Changes in the amount of moisture in current-year leaves are shown in Fig. 4. The amount 
of moisture in shade leaves was higher than that in other leaves, although the amount of 
moisture in all leaves decreased as the seasons advanced. 


Annual change to the amount of tannin 


Changes in the tannin content of current-year leaves are shown in Fig. 5. The tannin con- 
tent of sun leaves increased remarkably until June, after which it decreased. There tended 
to be no great fluctuations in the tannin content of middle and shade leaves throughout the 
year, although it increased slightly from May to June. 


Appearance and generation of larvae feeding on Quercus glauca 


121 species could be identified from the emerging imago or observation of genitalia with a 
microscope. Table 1 shows the timing of life history stages where subsequent rearing made 
identification possible. 


The number of larvae each month was totalled from this table and the change of larval 
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species number is shown in Fig. 6. Numbers of larvae attached to Quercus glauca in- 
creased in April and May and decreased in June. 


Relationship between leaf stiffness and number of larval individual and species 


The relationship between the stiffness of the current-year leaf and the number of larval indi- 
viduals and species is shown in Fig. 7 and Fig. 8. Both the number of larval individuals and 
species decreases as the leaf stiffness increases and there is a statistical correlation between 
leaf stiffness and the number of larval individuals and species (regression analysis. p<0.05). 


Relationship between amount of moisture in leaves and number of larval individuals 
and species 


The relationship between the amount of moisture in current-year leaves and the number of 
larval individuals and species is shown in Fig. 9 and Fig. 10. Both the number of larval in- 
dividuals and species increases as the amount of moisture increases and there is a statistical 
correlation between the amount of moisture and the number of larval individuals and 
species (regression analysis. p<0.05). 


Relationship between amount of tannin in leaves and number of larval individuals and 
species 


The relationship between the amount of tannin in current-year leaves and the number of lar- 
val individuals and species is shown in Fig. 11 and Fig. 12. The number of larval individu- 
als and species decreases as the amount of tannin increases. There is a statistical correlation 
between the amount of tannin and the number of larval individuals (regression analysis. 
p<0.05). But there was no statistical correlation between the amount of tannin and the 
number of larval species (regression analysis. p>0.05). 


Discussion 


The characteristics of leaves of Quercus glauca which grow where the sun often shines and 
where it hardly shines are different. The number of individuals and the number of species 
of larvae that eat these leaves are also different. 


In a previous study it was found that herbivore densities were not significantly different be- 
tween the upper tree canopy and the understory for 2 species of Quercus, but herbivore 
species richness was significantly greater in the understory than in the canopy for both tree 
species (Corff & Marquis, 1999). The canopy corresponds to the 'sun leaves” in my study 
in that the sun often shines there and the understory corresponds to my 'shade leaves” where 
the sunlight hardly reaches at all. 


An investigation of rolls made by pyralid and ctenuchid moths on a Panamanian shrub 
found that leaves which emerged within the shaded bud remained softer and with lower tan- 
nin levels than usual, without any decline in nitrogen or water content (Sagers, 1992). 
Though the pyralid larva was hardly seen in this study, the shade leaf remained softer than 
the sun leaf, and the shade leaf gained a higher moisture and tannin content. Oak tannin is 
important in the protection of foliage from caterpillar damage (Feeny, 1968). Synthesized 
tannin inhibits the growth of cutworm larvae and that inhibitory effect is proportional to the 
amount of tannin ingested (Nomura & Itioka, 2002). 


Leaves of Quercus glauca which grew where the sun often shines all day were firmer and 
contained more tannin than leaves growing where the sun hardly shines all day. 


A large number of individuals and species of larvae were found on shade leaves of Quercus 
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Fig. 7. Relationship between leaf stiffness and number of larval individuals. Fig. 8. Relationship 
between leaf stiffness and number of larval species. Fig. 9. Relationship between amount of mois- 
ture in leaves and number of larval individuals. Fig. 10. Relationship between amount of moisture 

in leaves and number of larval species. Fig. 11. Relationship between amount of tannin in leaves 
and number of larval individuals. Fig. 12. Relationship between amount of tannin in leaves and 
number of larval species. 


glauca during most seasons. Sun leaves only saw an increase in larvae in April. I conclude 
that the stiffness and amount of tannin contained in the leaf has a relationship to the number 
of larval individuals and species for evergreens like Quercus glauca. 


Herbivory losses are more positively correlated with toughness than with phenolics 
(Lowman & Box, 1983). The relationship between stiffness and the number of individuals 
of feeding larvae was calculated, followed by the relationship between the amount of tannin 
and the number of individual feeding larvae, and there was a clear correlation, the result 
being that stiffness was more important although damage by feeding larvae was prevented 
to obtain this research. 


I conclude that for larvae feeding on Quercus glauca, changes in numbers were more due to 
stiffness than to tannin content. 
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摘 要 


TD VOR CRAI) ROMA XC HELE AEB) 


1999 年 より 2007 年 に か け て , lic EIE HE O EE RC BOTI AGE X0,T7X7ucosSBBX) 
虫 を 採集 し た . 延べ 調査 回 数 は 124 回 に 及 ん だ .1 回 の 調査 で 約 30 本 の 樹 を 叩き , 落下 し た 全て の 幼虫 
の 個体 数 と 種 を 記録 し た . ほとん どの 幼虫 を 持ち 帰り , 若 齢 の うち は 同種 の 数 匹 ず つ を , 成 茸 幼虫 は 1 
匹 ず つ を プラ スチ ッ ク ケ ー ス に 入れ て アラ カシ 葉 を 与え て 飼育 し た . 羽 化 ま で 至っ た 個体 は , 種 を 確認 
する と と も に , 発生 消長 を 記録 し た . 途中 で 寄生 や 病気 の 発生 その 他 の 要因 で 死ぬ 個体 が 多かっ た が , 
WIDE CAB > 72 ARO EBS, 交尾 器 を 取り 出し て 検 鏡 し 種 を 確認 し た . 幼虫 の 落下 個体 数 と 種 数 に 関 
し て は , 各 月 の 前 半 と 後半 ご と に 平均 値 を 求め て 集計 し た . 


アラ カシ の 樹木 を 陽 の 当たり 具合 か ら 3 つ の カテ ゴリ ー に 分 けた . すなわち , (1) 太陽 光 の 一 日 中 当 た 
る 林 の 外 や 南側 の 樹木 , (2) 一 日 の 内 , 数 時 間 の 光 が 当 た る 遊歩 道 沿い や 林 縁 の 樹木 ,(3) 兆 が ほとん ど 
当たら な い 林 内 の 樹木 で ある . 


それ ぞ れ の 場所 より 毎月 30 枚 ずつ の 葉 を 収集 し 葉 の 性 質 を 調べ た . 調査 内 容 は , HOMS, 水分 量 , タ 
ン ニ ン 量 で ある . 針 を 葉 の 上 に 落下 させ て 貫通 する 高き さと 人 針 の 重量 か ら 位 置 エ ネル ギー を 算出 し た 。 
葉 の 硬 さ は , 位 置 エ ネル ギー で 示し た . ま た, 2g の 葉 を すり つ 記 し ., ジ クロ ロメ タン で クロ ロフ ィ ル を 
由 出 除去 し , 濃 塩酸 ・ ブ プ ブタノール 混合 液 で 発色 きせ た . タン ニン 量 は , 赤く 発色 し た 溶液 の 透過 光量 で 
示し た . そし て , 乾燥 重量 は , 一 定量 の 生葉 か ら 乾 燥 葉 の 重量 を 引い て 求め た . これ ら の 業 の 物理 ・ 化 学 
的 な 性 質 の 測定 は , 高等 学校 科学 部 の 生徒 に 対す る 理科 教育 指導 の 一 環 と し て 行っ た . 


成虫 を 羽化 , も しく は 交尾 器 の 検 独 な ど で 種 が 確認 で きた の は 121 種 に 及 ん だ . 幼虫 は 種 数 ・ 個 体 数 と 
も 4 月 で 最も 多く ,30 本 あたり の アラ カシ 洪 木 より 100 頭 以上 が 落ち る こと も 珍し く な か っ た . また , Z 
の 季節 は , 陽 樹 ・ 中 間 樹 の 落下 数 が 多く 陰 樹 に 勝っ て いた . し か し , その 後 ,$ 月 に 入っ て 個体 数 は , 急 
速 に 減少 し , 夏季 か ら 秋 和 李 に か け て は , ほとん ど 落 ちな いこ と も あっ た . それ に 対し , 陰 樹 は 年 間 を 通し 
て 効 虫 が 落下 し, ある 程度 の 個体 数 が 常に 得 ら れ て 全く 採集 で き な く な る こと は な か っ た .1 年 聞 の 総 
数 は , 陰 樹 の 個体 数 が 逢 か に 勝っ て いた . 


この 地方 に お いて アラ カシ の 葉 は , 3 月 の 下旬 より 3 月 の 上 中 旬 ま で は 新 葉 が 展開 し , 柔らか い 葉 を 付 
けた 枝 が 樹木 の 表面 を 覆う . そ の 後 ,$ 月 中 ・ 下 旬 よ り 6 月 中 旬 ま で は 新 葉 が 硬く な り , 6 月 下旬 以降 は , 
当年 葉 が さら に 硬化 し て 旧 葉 と の 区 別 が で き な く な る . 陽 樹 葉 は , 硬化 も 急速 に 起こ り 年 間 を 通し て 硬 
さ に 勝っ て いた . 当年 葉 の 全て の 葉 で , 月 日 が 経つ に つれ て 水分 量 は 減少 し た が , 陰 樹 葉 の 含有 量 は 他 
に 騰 っ て いた . 陽 樹 葉 で 6 月 に か け て 著しく タン ニン 量 が 増加 し た が その 後 。 減少 した. 年間 を 通し て 
陰 樹 葉 , 中 間 樹 葉 は 大 き な 変 動 が な く ,$ 月 か ら 6 月 に か け て わずか に 増加 する も の の , ほぼ 一 定 の 量 で 
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推移 し た . 


幼虫 の 個体 数 お よび 種 数 の いずれ も が 葉 が 硬く な る ほど 減少 し , 葉 の 硬 き と の 間 に 相 関 が 見 られ た . = 
72, 幼 耳 個体 数 お よび 種 数 の いずれ も が 葉 の 水分 量 が 多く な る ほど 増加 し , 葉 の 水分 量 と の 間 に 相 関 が 
見 られ た . さら に , タン ニン 量 が 増え る ほど 幼虫 個体 数 は 減少 し , 相関 が 認め られ た が , 幼虫 種 数 と タン 
ニン 量 の 間 に は 相関 が 見 られ ず , タン ニン に 強く 適応 し た 種 が いる こと が 示唆 され た . GED FV = 
ン 量 は 6 月 まで 急速 に 増加 する が その 後 減少 し た . 減少 する 頃 か ら 陽 樹 で は 堅 果 が 成長 し 始め る . この 
減少 は 了 堅 果 の 発達 と 関わ り が 深い と 考え られ た . し か し , 減少 し て も 陰 樹 や 中 間 樹 よ り は , 陽 樹 葉 の タ 
ン ニ ン 含 有 量 は 多く , 摂 食 幼 虫 か ら の 食害 を 阻害 する 効果 が 保 た れ て いた . 


陽 樹 葉 の タン ニン の 多い 硬い 葉 は , 幼虫 の 食害 を 受け に くい が , タン ニン 量 よ り も 硬 さ の 方 が 個体 数 を 
減少 きせ る 効果 が ある よう に 思わ れ た -. 


(Received August 30, 2008 Accepted February 26, 2010) 
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